Ionic and spectral mechanisms of the off response to light in hyperpolarizing photoreceptors of the clam, Lima scabra.
Intracellular recordings were made from distal photoreceptor cells of the file clam Lima scabra in order to examine the ionic and spectral mechanisms which underly the response to light decrement. These receptors are primary sensory neurons that generate nerve impulses in the optic nerve upon light termination without benefit of synaptic interconnections between photoreceptor cells. Microelectrode measurements were made on these cells. Membrane conductance changes were assessed by measuring membrane voltage changes elicited under different conditions while passing constant-current pulses through the microelectrode from an active bridge amplifier. Responses of membrane potential in light and darkness in different concentrations of external potassium ions were fitted to a simplified form of the constant field equation. This analysis allowed an estimation of internal potassium activity (281 mM) as well as changes in PNa/PK in darkness and light. PNa/PK changed from 0.09 in darkness to 0.03 at the peak of the light response. A persistent decrease in membrane conductance at the termination of light is associated with a depolarization that overshoots the dark resting membrane potential. This transient depolarization is dependent on the intensity and duration of the preceding period of light. The amplitude of the dark-dependent depolarization is related to the absorbance of light during the preceding period of light by a long wavelength intermediate of rhodopsin bleaching (metarhodopsin). The frequency of discharge of action potentials with rapid kinetics which occurs following light is proportional to the amplitude of the after depolarizing response. The delay to onset of the discharge is inversely proportional to the amplitude of the after depolarizing response. The sensitivity (response/photon) of distal cells can be modified by background light which passes through a screening pigment found in cells that surround the eye. These data, taken together, provide an explanation for the persistent discharge of action potentials which occurs on termination of light in these cells as well as the visual cells of other gastropod mollusks.